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(β-D-glucopyranosyloxy)-3-hydroxy dammar-24-en-12-one (2), 20(R)-ginsenoside Rg3 (3), ginsenosides
F2 (4) and Rd (5), gypenoside XVII (6), ginsenosides Rb1 (7) and ginsenoside V (8) were isolated from
the 70% ethanol extract of Panax notoginseng roots by silica gel, octadecyl silane (ODS) column
chromatography and HPLC, and identiﬁed by chemical and physical methods, especially by spectral
analysis. Among them, 1 was a new compound and 2 was a new natural product.
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K.J. Sakah et al.3821. Introduction
Panax notoginseng (Burkill, F. H. Chen) is a traditional Chinese
medicine, which can be used for stanching blood ﬂow and reducing the
pain caused by blood diseases1. The main components in this plant are
saponins, ﬂavonoids, dencichine and polysaccharides. In the course of
our studies on the constituents of this plant, eight darmarane-type
saponins, named as sanchirhinoside D (1), 3β,6α-20(S)-6,20-bis(β-D-
glucopyranosyloxy)-3-hydroxy dammar-24-en-12-one (2)2, 20(R)-gin-
senoside Rg3 (3)
3, ginsenosides F2 (4)
4 and Rd (5)5, gypenoside XVII
(6)5, ginsenosides Rb1 (7)
6 and ginsenoside V (8)7 were isolated from
the 70% ethanol extract of Panax notoginseng roots by silica gel, ODS
column chromatography, and High performance liquid chromatogra-
phy (HPLC), and identiﬁed by the chemical and physical methods,
especially by spectral analysis. Among them, 1 was ﬁrst isolated and 2
was a new natural product. This paper describes the structural
elucidation and identiﬁcation of these new compounds.2. Results and discussion
Sanchirhinoside D (1), ½α25D ¼5.11 (methanol (MeOH)), was
isolated as a white powder. The molecular formula of 1, C42H70O12,
was determined by positive-ion HRESI-TOF-MS (m/z 789.4773
[MþNa]þ, calcd. for C42H70O12Na 789.4759). The 1H NMR
(C5D5N, Table 1) spectrum of 1 showed signals assignable to seven
methyls [δH 0.79, 0.97, 1.00, 1.13, 1.31, 1.67, 1.70 (each 3H, s)], one
methine and one methene bearing oxygen function [δH 3.31 (1H, dd,
J¼4.5 and 11.5 Hz, H-3), 4.48 (2 H, m, overlapped, H2-21)],
respectively, two three-substituted oleﬁn groups [δH 5.28 (1H, t,
J¼7.0 Hz, H-22), 5.96 (1H, t, J¼7.5 Hz, H-24)], together with two
anomeric proton signals shown at δH 4.94 (1H, d, J¼8.0 Hz, H-1′) and
5.39 (1H, d, J¼7.5 Hz, H-1″), respectively. The 13C NMR spectrum
displayed 42 carbons including 30 carbons for the aglycon, 12 carbons
for two sugar units. 1H and 13C NMR spectra suggested that 1 was aTable 1 1H and 13C NMR data for compound 1 in C5D5N (500 MH
No. δC δH (J in Hz)
1 39.4 0.78 (m), 1.49 (m)
2 26.8 1.87 (m), 2.24 (m)
3 89.0 3.31 (dd, 4.5, 11.5)
4 39.8 —
5 56.4 0.71 (br. d, ca. 12)
6 18.5 1.37 (m), 1.51 (m)
7 35.9 1.25 (m), 2.57 (m)2.35 (m)
8 40.8 —
9 51.2 1.28 (m)
10 37.1 —
11 21.7 1.10 (m), 1.44 (m)
12 25.7 1.21 (m), 1.71 (m)
13 45.3 2.02 (m)
14 49.7 —
15 32.1 1.18 (m), 1.76 (m)
16 27.6 1.87 (m), 1.99 (m)
17 41.0 2.99 (m)
18 15.8 0.97 (s)
19 16.5 0.79 (s)
20 141.8 —
21 63.9 4.48 (m)dammarane-type triterpene saponin derivative. The chemical shift of δC
56.4 (C-5) suggested that 1 was a panaxadiol-type saponin [δC 56
and 61 (C-5) for protopanaxadiol and protopanaxatriol-type saponin,
respectively]. In conjunction with analysis of the HSQC spectrum, 1H
and 13C NMR data for 1 were assigned as shown in Table 1. The
1H-1H COSY experiment on 1 indicated the presence of partial
structure written in bold lines. And in the HMBC experiment, long-
range correlations were observed between the following protons and
carbons: H-18 and C-7, C-8, C-9 and C-14; H3-19 and C-1, C-5, C-9,
C-10; H2-21 and C-17, C-20, C-22; H3-26 and C-24, C-25, C-27; H3-
27 and C-24, C-26; H3-28 and C-3, C-5, C-29; H3-29 and C-3, C-5, C-
28; H3-30 and C-8, C-13, C-15; H-1′ and C-3; H-1″ and C-2′ (Fig. 1).
The stereochemistry of the double bond at C-20 (22) was determined
by a NOESY experiment. Consequently, the planner structure of 1 was
determined. In the NOESY spectrum for 1, the correlation signal
between δH 4.48 (H2-21) and δH 5.28 (H-22) was observed (Fig. 1), the
conﬁguration of double bond at C-20 (22) was supposed to be E.
Furthermore, comparison of the 1H and 13C NMR spectra of A–D
rings in 1 with those of the known compound, 3β-hydroxyl-20,24-
diene-dammarane indicated that the two compounds had the same
conﬁgurations for A–D rings8. Finally, acid hydrolysis of 1 yielded D-
glucose, which was identiﬁed by retention time and optical rotation
using chiral detection by HPLC analysis9,10. On the basis of above
evidence, the structure of 1 was characterized to be sanchirhinoside D.
3β,6α-20(S)-6,20-bis(β-D-glucopyranosyloxy)-3-hydroxy dam-
mar-24-en-12-one (2) was isolated as a white powder. The
molecular formula of 2, C42H70O14, was determined by positive-
ion HRESI-TOF-MS (m/z 821.4674 [MþNa]þ, calcd. for
C42H70O14Na, 821.4658). Acid hydrolysis of 2 demonstrated that
the sugar was the same as that found in 19,10. The 1H and 13C
NMR (C5D5N, Table 2) data of 2 indicated the presence of eight
methyls [δH 0.77, 1.05, 1.51, 1.56, 1.60, 1.61, 1.62, 2.06 (3H each,
all s, H3-30, 19, 18, 21, 29, 26, 27, 28)], two methines bearing
oxygen functions [δH 3.50 (1H, dd, J¼5.0, 12.0 Hz, H-3), 4.49
(1H, m, overlapped, H-6)], one three-substituted oleﬁn [δH 5.20z for 1H and 125 MHz for 13C).
No. δC δH (J in Hz)
22 124.4 5.28 (t, 7.0)
23 27.0 2.97 (m)
24 125.0 5.96 (t, 7.5)
25 131.1 —
26 25.8 1.70 (s)
27 17.8 1.67 (s)
28 28.2 1.31 (s)
29 16.7 1.13 (s)
30 15.9 1.00 (s)
1′ 105.1 4.94 (d, 8.0)
2′ 83.5 4.26 (dd, 8.0, 9.0)
3′ 78.4 4.33 (dd, 9.0, 9.0)
4′ 71.67 4.16 (dd, 9.0, 9.0)
5′ 78.1 3.94 (m)
6′ 62.9 4.37 (dd, 6.5, 12.0)
4.51 (dd, 2.0, 12.0)
1″ 106.1 5.39 (d, 7.5)
2″ 77.2 4.14 (dd, 7.5, 9.0)
3″ 78.0 4.26 (dd, 9.0, 9.5)
4″ 71.71 4.35 (dd, 9.5, 9.5)
5″ 78.3 3.93 (m)
6″ 62.8 4.48 (m)
Figure 1 The main 1H-1H COSY, HMBC and NOE correlations of 1 and 2.
Table 2 1H and 13C NMR data for compound 2 in C5D5N (500 MHz for
1H and 125 MHz for 13C).
No. δC δH (J in Hz) No. δC δH (J in Hz)
1 39.1 0.96 (m), 1.43 (m) 23 24.0 1.61 (m), 2.32 (m)
2 27.7 1.89 (m) 24 125.8 5.20 (t, 7.0)
3 78.4 3.50 (dd, 5.0, 12.0) 25 130.9 —
4 40.3 — 26 25.8 1.61 (s)
5 61.1 1.43 (d, 10.5) 27 17.8 1.62 (s)
6 80.1 4.49 (m) 28 31.5 2.06 (s)
7 44.6 1.90 (m), 2.60 (m), 2.35 (m) 29 16.2 1.60 (s)
8 41.8 — 30 16.8 0.77 (s)
9 54.4 1.89 (m) 1′ 106.1 5.02 (d, 8.0)
10 39.8 — 2′ 75.4 4.10 (dd, 8.0, 9.0)
11 40.6 1.98 (m), 2.11 (m) 3′ 79.7 4.29 (dd, 9.0, 9.0)
12 211.4 — 4′ 71.9 4.28 (dd, 9.0, 9.0)
13 56.1 3.63 (d, 9.0) 5′ 78.2 3.96 (m)
14 56.0 — 6′ 63.0 4.37 (dd, 5.0, 12.0)
15 32.2 1.23 (m), 2.01 (m) 4.51 (br. d, ca. 12)
16 24.6 1.79 (m), 2.22 (m) 1″ 98.5 5.08 (d, 8.0)
17 42.5 2.86 (ddd, 4.0, 10.0) 2″ 75.7 3.99 (dd, 8.0, 9.0)
18 17.5 1.51 (s) 3″ 79.3 4.23 (dd, 9.0, 9.5)
19 17.5 1.05 (s) 4″ 71.8 4.21 (dd, 9.5, 9.5)
20 81.3 — 5″ 78.0 3.89 (m)
21 22.6 1.56 (s) 6″ 62.9 4.34 (dd, 5.0, 11.5)
22 40.4 2.32 (m) 4.48 (br. d, ca. 12)
Eight darmarane-type saponins from P. notoginseng 383(1H, t, J¼7.0 Hz, H-24)], one ketone [δC 211.4 (C-12)], together
with two anomeric proton signals [δH 5.02 (1H, d, J¼8.0 Hz,
H-1′), 5.08 (1H, d, J¼8.0 Hz, H-1″)]. According to the chemical
shift of C-5 [δC 61.1 (C-5)], we could deduce that 2 was a
protopanaxatriol-type saponin. Compared with the ginsengnoside
Rh8
11, the data supported a β-D-glucopyranosyl moiety for 2 with
differences in the 1H and 13C (C5D5N, Table 2) data [δH 5.02 (1H,
d, J¼8.0 Hz, H-1′); δC 63.0 (C-6′), 71.9 (C-4′), 75.4 (C-2′), 78.2
(C-5′), 79.7 (C-3′), 106.1 (C-1′)]. The chemical shift of 13C NMR
data in 6-position shifted from 67.7 (ginsengnoside Rh8) to 80.1
(2), which indicated that C-6 linked with sugar. In the HMBC
experiment, long-range correlations between H-1′ and C-6; H-1″
and C-20 (Fig. 1) were observed, conﬁrming the above conclusion.
Consequently, the structure of 2 was determined to be 3β,6α-20
(S)-6,20-bis (β-D-glucopyranosyloxy)-3-hydroxy dammar-24-en-
12-one as a new natural product. Although this compound was
synthesized by Han, et al.2, this is the ﬁrst report of its NMR data.3. Experimental
3.1. General procedure
Optical rotations were measured on a Rudolph Autopols IV
automatic polarimeter. IR spectra were recorded on a Varian 640-
IR FT-IR spectrophotometer. UV spectra were obtained on a
Varian Cary 50 UV–Vis spectrophotometer. NMR spectra were
determined on a Bruker 500 MHz NMR spectrometer at 500 MHz
for 1H and 125 MHz for 13C NMR, with Tetramethylsilane (TMS)
as an internal standard. Positive- and negative-ion HRESI-TOF-
MS were recorded on an Agilent Technologies 6520 Accurate-
Mass Q-Tof LC/MS spectrometer.
Column chromatographies were performed on macroporous
resin D101 (Haiguang Chemical Co., Ltd., Tianjin, China), silica
gel (48–75 μm, Qingdao Haiyang Chemical Co., Ltd., Qingdao,
China), Sephadex LH-20 (Ge Healthcare Bio-Sciences, Uppsala,
K.J. Sakah et al.384Sweden), and ODS (40–63 μm, YMC Co., Ltd., Tokyo, Japan).
The preparative HPLC (PHPLC) column Cosmosil 5C18-MS-II
(250 mm 20 mm i.d., Nakalai Tesque, Inc., Tokyo, Japan) was
used to purify the constituents. Pre-coated TLC plates with silica
gel GF254 (Tianjin Silida Technology Co., Ltd., Tianjin, China)
were used to determine the purity of the isolates and was
visualized by spraying the developed plate with 10% aqueous
H2SO4-EtOH, following by heating.
3.2. Plant material
The dried roots of P. notoginseng (Burkill, F. H. Chen) were
collected from Wenshan, Guangxi province, China and identiﬁed
by Dr. Tianxiang Li. The voucher specimen was deposited at the
Academy of Traditional Chinese Medicine of Tianjin University of
TCM (No. 20120505).
3.3. Extraction and isolation
The dried roots of P. notoginseng (5.0 kg) were reﬂuxed with 70%
ethanol–water twice. Evaporation of the solvent under reduced pressure
provided a 70% ethanol (EtOH)–water extract (480.2 g). The residue
was dissolved in H2O, the subjected to D101 column chromatograph
(CC) [EtOH–H2O (0:100-50:50-100:0, v/v) to afford H2O, 50%
EtOH, and EtOH eluents.The EtOH eluent (120.0 g) was subjected to
silica gel CC [CHCl3-CHCl3–MeOH (100:3-100:7, v/v)-CHCl3–
MeOH–H2O (10:3:1-7:3:1-6:4:1, v/v/v, lower layer)] to give 12
fractions (Frs. 1–12). Fraction 8 (4.0 g) was subjected to ODS CC
[MeOH–H2O (40:60-50:50-60:40-70:30-80:20-100:0, v/v)]
to give 11 fractions (Frs. 8-1–8-11). Fraction 8-9 (47.3 mg) was
isolated by preparative HPLC (PHPLC) [MeOH–H2O (70:30, v/v)] to
give sanchirhinoside D (1, 8.0 mg), ginsenoside F2 (4, 100.9 mg), and
20(R)-ginsenoside Rg3 (3, 4.9 mg). Fraction 11 (7.0 g) was subjected
to ODS CC [MeOH–H2O (10:90-20:80-30:70-40:60-50:50-
60:40-70:30-80:20-100:0, v/v)], and 17 fractions (Frs. 11-1–11-
17) were obtained. Fraction 11–17 (250.8 mg) was separated by
PHPLC [MeOH–H2O (75:25, v/v)], ginsenoside Rd (5, 14.0 mg),
and gypenoside XVII (6, 5.6 mg) were obtained. Fraction 12 (10.0 g)
was subjected to ODS CC [MeOH–H2O (10:90-20:80-30:70-
40:60-50:50-60:40-100:0, v/v)] to give 13 fractions (Frs. 12-1–
12-13). Fraction 12-12 (265.4 mg) was separated by silica gel CC
[CHCl3–MeOH–H2O (7:3:1, v/v/v, lower layer)], too, to give ginseno-
side V (8, 25.1 mg). Fraction 12–13 (437.2 mg) was puriﬁed further by
silica gel CC [CHCl3–MeOH–H2O (15:3:1-10:3:1-7:3:1, v/v/v,
lower layer)] to produce ginsenoside Rb1 (7, 196.1 mg).
3.4. Structure elucidation
Sanchirhinoside D (1): isolated as a white powder. ½α25D ¼–5.11
(c¼0.11, MeOH); IR νmax (KBr) cm–1: 3357, 2931, 2870, 1660,
1455, 1385, 1156, 1070. 1H NMR (500 MHz, C5D5N) and
13C NMR
(125 MHz, C5D5N) spectroscopic data are shown in Table 1. Positive-
ion mode m/z 789.4773 [MþNa]þ (calcd. for C42H70O12Na
789.4759); Negative-ion mode m/z 801.4541 [MþCl] (calcd. for
C42H70O13Cl 801.4561).
Acid hydrolysis of 1 and 2: a solution of compounds 1 and 2 (each
1.5 mg) in 1 M HCl (1 mL) was heated under reﬂux for 3 h,respectively. The reaction mixture was neutralized with Amberlite
IRA-400 (OH form) and removed by ﬁltration. The aqueous layer
was subjected to the HPLC analysis under the following conditions:
HPLC column, Kaseisorb LC NH2-60-5, 250 mm 4.6 mm i.d.
(Tokyo Kasei Co., Ltd., Tokyo, Japan); detection, optical rotation
[Chiralyser (IBZ Messtechnik GMBH, Mozartstrasse 14-16 D-30173
Hannover, Germany)]; mobile phase, CH3CN–H2O (75:25, v/v); ﬂow
rate 1.0 mL/min. As result, D-glucose was conﬁrmed by comparison of
the retention times with the authentic samples (tR: 13.1 min, positive
optical rotations).
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